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Abstract. The complex fuzzy soft set and its generalized hybrids are such effective structures which not only 
minimize the impediments of all complex fuzzy-like structures for dealing uncertainties but also fulfill all the 
parametric requirements of soft sets. This feature makes it a completely new mathematical tool for solving 
problems dealing with uncertainties. Smarandache conceptualized hypersoft set as a generalization of soft set 
as it transforms the single attribute function into a multi-attribute function. This generalization demands an 
extension of complex fuzzy soft-like structures to hypersoft structure for more precise results. In this study, 
hybrids of hypersoft set with complex fuzzy set and its generalized structures i.e. complex intuitionistic fuzzy 
set and complex neutrosophic set, are developed along with illustrative examples to address the demand of 
literature. Moreover, some of their fundamentals i.e. subset, equal sets, null set, absolute set etc. and theoretic 


operations i.e. compliment, union, intersection etc. are discussed. 


Keywords: Complex fuzzy sets (CF-Sets), soft set, hypersoft set and complex fuzzy hypersoft set. 


1. Introduction 


Zadeh’s theory of fuzzy sets |1] is one of those theories which are considered as mathemat- 
ical means to tackle many complicated problems involving various uncertainties in different 
fields of mathematical sciences. But these theories are unable to solve these problems suc- 
cessfully due to the inadequacy of the parametrization tool. This shortcoming is addressed 
by Molodtsov’s soft set theory which is free from all such Impediments and appeared as 
a new parameterized family of subsets of the universe of discourse. Classical complex anal- 
ysis is useful in algebraic geometry, number theory, analytic combinatorics and many other 
branches of mathematical sciences. Ramot et al. introduced the concept of complex 
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fuzzy set (CF-set) to tackle the problems of complex analysis under fuzzy environment. This 
novel concept used complex-valued state for the membership of its elements. Maji et al. 
developed and conceptualized fuzzy soft set, a new hybrid of fuzzy set with soft set. They 
also discussed some of its fundamentals terminologies and operations like equality of two soft 
sets, subset and super set of a soft set, complement of a soft set, null soft set, absolute soft 
set, AND, OR etc. in their work. Cagman et al. (6| extended this concept and discussed some 
other properties and operations. Nadia |7| developed a new hybrid of complex fuzzy set and 
soft set. Thirunavukarasu et al. established aggregation properties of complex fuzzy soft 
set and discussed their applications. Atanassov (9| conceptualized intuitionistic fuzzy sets as 
generalization of fuzzy set. Alkouri et al. extended this concept and developed complex 
intuitionistic fuzzy soft set and discussed some of its properties. Kumar et al. further 
discussed its more properties and calculated its distance measures and entropies. Mumtaz 
et al. extended neutrosophic set to complex neutrosophic set and discussed its fun- 
damentals, theoretic operations and applications. Broumi et al. conceptualized complex 
neutrosophic soft set and discussed some of its fundamentals. 

In 2018, Smarandache introduced the concept of hypersoft set as a generalization of soft 
set. In 2020, Saeed et al. extended the concept and discussed the fundamentals of hypersoft 
set such as hypersoft subset, complement, not hypersoft set, aggregation operators along with 
hypersoft set relation, sub relation,complement relation, function, matrices and operations on 
hypersoft matrices. 

Having motivation from the work in (6, (3)- and (21), novel hybrids of hypersoft set i.e. 
complex fuzzy hypersoft set, complex intuitionistic fuzzy hypersoft set and complex neutro- 
sophic hypersoft set, are conceptualized along with their some fundamentals and theoretic 
operations. This is novel and more generalized work as compared to existing related literature 
for getting more precise results. Moreover, a comparative discussion is presented on particular 
cases of such hybrids. 

The pattern of rest of the paper is: section 2 reviews the notions of soft sets, complex fuzzy set 
and relevant definitions used in the proposed work. Section 3, presents complex fuzzy hypersoft 
set and some of its fundamentals. Section 4, presents complex intuitionistic fuzzy hypersoft 
set and some of its fundamentals. Section 5, presents complex neutrosophic hypersoft set and 


some of its fundamentals and then concludes the paper. 


2. Preliminaries 


Here some existing fundamental concepts regarding fuzzy set, fuzzy soft set and fuzzy hy- 


persoft set are presented along with their structures with complex fuzzy set from literature. 


Atige Ur Rahman , Muhammad Saeed, Florentin Smarandache and Muhammad Rayees 
Ahmad, Development of Hybrids of Hypersoft Set with Complex Fuzzy Set, Complex 
Intuitionistic Fuzzy set and Complex Neutrosophic Set 


Neutrosophic Sets and Systems,Vol. 38,2020 B37 


Throughout the paper, U, P(U), F(U), C(U), Cm:(U), Cneu(U), [[ and [] will present uni- 
verse of discourse, power set of U, collection of fuzzy sets, collection of complex fuzzy sets, 
collection of complex intuitionistic fuzzy sets, collection of complex neutrosophic sets, union 


and intersection respectively. 


Definition 2.1. 
Suppose a universal set U and a fuzzy set X C U. The set X will be written as X = 
{(x,ax(x))|x € U} such that 
ax:U-> (0, 1] 

where ax(x) describes the membership percentage of x € X. 
Definition 2.2. 
A complex fuzzy set Cy is of the form 

Cy = {(€, uc, (€)) :¢ € U} = {(erc, (es) 1€€ u} : 
where jic;(€) is a membership function of Cy with rc,(e) € [0,1] and we,(e) € (0,27] as 


amplitude and phase terms respectively and i = \/—1. 


Zhang et al. and Buckley [23]- presented fuzzy complex number in different way. 
However, according to (3). (4). both amplitude and phase terms are captured by fuzzy sets. 


Definition 2.3. 
A soft set G over U, is defined as 
GS ={(¢, fe(e)) :¢ € Fi} 
where fg : E; > P(U). and EF, C E (set of parameters). 
Definition 2.4. (6| 
A fuzzy soft set (FS-set) Ig, on U, is defined as 
DR, = {(€, Ye, (€)) :€€ Fy, 9m (€) € F(U)} 


where yp, : E; > F(U) such that yz, (€) = 0 if e ¢ Fy, and for all € € Ej, 


es (€) = { typ, (o(0)/¥ 2 v EU, Hyp, (ov) € [0,1]} 


is a fuzzy set over U. Also yz, is the approximate function of gz, and the value y,4(z) is a 


fuzzy set called e-element of FS-set. Note that if yz, (€) = @, then (€, yz, (€)) ¢ T'n,. 


Definition 2.5. 
A complex fuzzy soft set (CFS-set) yz, over U, is defined as 


XB, = {(6 be (6) € € Fi, Ym (6) € CUD}. 
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where Wp, : E1 > C(U) such that Wp, (ce) =9 if e ¢ EF and it is complex fuzzy approximate 
function of CFS-set yz, and its value qz, (€) is called e-member of CFS-set x2, for all e € FE). 
Operations of CFS-sets and CF-sets were defined in |7| and respectively. 


Definition 2.6. Let A = {(%;pa(x)): 2 €U} and B = {(z;up(z)): 2 € U} be two 
complex fuzzy subsets of U, with membership functions p4() = ra(x)e”4 and pp(x) = 
rp(x)eB), respectively. Then 
e A complex fuzzy subset A is said to be a homogeneous complex fuzzy set if for all 
x,y €U, ra(xz) < ra(y) if and only if wa(x) < wa(y) 
e A complex fuzzy subset A is said to be homogeneous with B, if for all z,y € U, 


ra(x) < rp(y) if and only if w4(x) < we(y) 


Definition 2.7. Let E be a set of attributes with A C E and W(a) be a CIF-set over U. 
Then, complex intuitionistic fuzzy soft set (CIFS-set) £4 = (WV, A) over U is defined as 


EA = {(a, U(a)) [ae A, V(a) € Crime (U)} 


where 

UW: A> Cm(U), Via) =Oif a€A. 
is a CIF approximate function of £4 and V(a) = (W7(a), VU" (a)). 
UW" (a) = pre’*r, and UW" (a) = pre!* are complex-valued membership function, and complex- 
valued non-membership function of €4 respectively and their sum all are lying within the unit 
circle in the complex plane such that pr, pr € [0,1] with 0 < pr+ppr < l(or 0 < |pr+pp| < 1) 
and 67,6 € (0,27]. The value W(a) is called a-member of CIFS-set Va € A. 


Definition 2.8. 
Let E be a set of attributes with A C FE and W(a) be a CN-set over U. Then, complex 
neutrosophic soft set (CNS-set) €4 = (WV, A) over U is defined as 


£4 = {(a, V(a)) : a € A, V(a) € Cneu(U)} 


where 

Ww: A> Cneu(U), Via)=Dif agA. 
is a CN approximate function of €4 and U(a) = (U7 (a), U! (a), VU" (a)). 
Wa) = pre’’?, VW (a) = pre’® and UF (a) = pre’? are complex-valued truth member- 
ship function, complex-valued indeterminacy membership function, and complex-valued falsity 
membership function of €4 respectively and their sum all are lying within the unit circle in the 
complex plane such that pr, pr, pr € [0,1] with ~0 < pp+p;+pr < 3° (or 0 < |pr+pr+pr| < 
3) and 67, 07,0 € (0, 27]. The value U(a) is called a-member of CNS-set Va € A. 


For more study about neutrosophic sets see ( [28|- [42}). 
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Definition 2.9. 

The pair (H,G) is called a hypersoft set over U, where G is the cartesian product of n dis- 
joint sets Hy, Ho, H3,....., Hp, having attribute values of n distinct attributes hy, ho, ha,....., hn 
respectively and H : G— P(U). 


Definition 2.10. 


A hypersoft set over a fuzzy universe of discourse is called fuzzy hypersoft set. 
For more definitions and operations of hypersoft set, see ( [15]- (20}). 


3. Complex Hypersoft set(CH-Set) and Complex Fuzzy Hypersoft Set(CFH-Set) 


In this section, first we define complex hypersoft set then complex fuzzy hypersoft set is 


conceptualized with its some fundamentals. 


Definition 3.1. Let C be the set of complex numbers and P(C) be the collection of all 
non-empty bounded subsets of the set of complex numbers. Let Aj, Ao, A3,....., An are dis- 
joint sets having attribute values of n distinct attributes a1, a2, a3,.....,@n respectively for 
n>1,A = A, x Ag x Ag X «ue. x A, then a mapping 7 : A — P(C) is called a complex 
hypersoft set. It is denoted by (w, A). 


Example 3.2. Let C = {2+ 3i,1+ 27,3 + 57,4 + 27,3 +7} be the set of complex numbers 
and FE = {A}, Ao, As} with Aj = {a41, a12}, Ae = {a21, a22} and A3 = {a31, a32} are disjoint 


set having attribute values then 


eles (411, @21, 431), (@11, @21, 432), (@11, @22, 431), (@11, @22, 432), 
(a21, @21, 431), (421, @21, 432), (A421, @22, 431), (A421, @22, 432) 
A = {%1,%2,%3, 24,25, 26, 27,18}, then (%,A) can be considered as a complex hypersoft set 
where 
(x1, {2+ 31,1 + 2¢}), (vo, {2 + Bi, 1 + 24,3 + 52}), (ws, {4 + 2i, 1 + 24,3 + 5¢}), 
(p,A) = 2 (a4, {2+ 31,4 + 24,3 + 43), (x5, {3 + 4,14 2i}), (we, {3 + 1,2 + 34,3 + 5i}), 
(x7, {2 + 37,3 + #}), (ag, {4 + 27,3 + 5z}), 


attributes a1, a2, a3, ....., @n respectively forn > 1,G = A, x Agx A3x.....x Ay and ¢(€) be a CF- 
set over U for all € = (dj, do, d3,.....,dn) € G such that d; € Ai, dg € Az, d3 € A3,.....,dn € An. 
Then, complex fuzzy hypersoft set (CFH-set) xq over U is defined as 


xa ={(6, ¥(2) -€ € G,v(e) € C(U)} 


where 
¥:G—+>c(U), vlc) =Oif e€G. 
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is a CF-approximate function of xq and its value w(e) is called «member of CFH-set Ve € G. 


Example 3.4. Suppose a Department Promotion Committee (DPC) wants to ob- 
serve(evaluate) the characteristics of some teachers by some defined indicators for depart- 
mental promotion. For this purpose, consider a set of teachers as a universe of dis- 
course U = {t,t2,t3,t4}. The attributes of the teachers under consideration are the set 
E = {Aj, Ao, A3}, where 

A, = Total experience in years = {3, < 10} = {e11, e12} 

Az = Total no. of publications= {10, 10 <} = {e21, e22} 

Ag = Performance Evaluation Report (PER) remarks = {eligible, not eligible} = {e31, e32} 


and 
(e121, €21; 31), (€11, €21, C32), (C11, €02, €31), 

G = A, x Ag x Az = (€11, €22, €32), (€12, €21, €31), (€12, €21, €32), = [61,€2, 635 01,63} 
(€12, €22, €31), (€12, €22, €32) 

Complex fuzzy set We(e1), Ve (ez), ...-, We(eg) are defined as, 


ey {* een Deen Users iL Oe"? —t, 
t, ° tg ° ts 
oer Deer ote" a ke — 
va(e2) = { i je t3 fs 
(peu Dee Gere" ‘6 sc ai 
vales) = { i. i t3 i" 
Ose" Ofer One 0. rc ad 
vale) = { a rs t3 \. 
D2" “Ose Pr eerie 0. tc sail 
Vales) = { |? a t3 fi 
(oer ae’ eee a sc ae 
Vales) = { re tp” ts \. 
Deere qos pers O. sc pep 
vale7) = { A to” t3 —}, 


and 


0.8¢20-97 0. 8¢20-87 0.6e20-87 0.65¢e20-85% 
ty , t2 : t3 , t4 


Wales) = { 


then CFH-set yg is written by, 


0.4e79-5" aa 6n 0: = 80 = on 750 0. oe 77 0.9e20-:97 0,7¢e20-97 Q, Bt 95a 
(eis tH ’ ) (e2 25 ’ ta t3 ’ 
0. ze 6m 0: geid- Se 0. Be a yh: se 957 0. se TW 0: 7e0. Fe 0. 5e0- on ,D: 752 657 


€4, to ’ te 


d ? 
(e3, to ’ t3 ) 3 ), 
et - 2: seid 80 0. 8e20- es , ssc 657 eH ie 2: 3ei0- on 0. 7e0- ee 2: ssc 957 
(es, ) ) 
( ) ) 


z 


XG = ( 
, (€6; 
( 


0.5 
ta > t3 ’ 
0. sel ie 0. Beid- 8a 0. 6e20- ao 0. usc 857 
€8, ) tf? t3.? 


0.2 
to ’ t3 

0. sel ae 0. Geil: 6n 0. 5e0- 0. sch 750 

e7, ’ t? ts? 


Pl 


Definition 3.5. Let yg, = (W1,G1) and xg, = (W2,G2) be two CFH-sets over the same U. 
The set xg, = (#1, G1) is said to be the subset of xg, = (w2, Ga), if 


i. G1 C Go 
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ii, Va € Gi, vi(a) CS Yro(w) ie. re,() < re,(#) and wa, (x) < wa,(x), where re, (x) 
and wg, (xz) are amplitude and phase terms of 71(x), whereas rg,(x) and we,(z) are 


amplitude and phase terms of 79(x). 


Definition 3.6. Two CFH-sets yg, = (¢1,G1) and ya, = (We, G2) over the same U, are said 
to be equal if 

i. (1, G1) C (2, Ga) 

ii. (2, G2) C (~1, G1). 
Definition 3.7. Let (w,G) be a CFH-set over U.Then 


i. (w,G) is called a null CFH-set, denoted by (~,G)e if rg(x) = 0 and we(x) = On for 
all 2 EG. 

ii. (W,G) is called a absolute CFH-set, denoted by (w,G)a if re(x) = 1 and we(x) = 2a 
for alla EG. 


Definition 3.8. Let (W1,G1) and (¢2,G2) are two CFH-sets over the same universe U.Then 


i. A CFH-set (71, G1) is called a homogeneous CFH-set, denoted by (¢1,Gi)Hom if and 
only if ~(x) is a homogeneous CF-set for all x € G4. 


ii. A CFH-set (W1,G1) is called a completely homogeneous CFH-set, denoted by 
(v1, G1)CHom if and only if y1(x) is a homogeneous with 71(y) for all 2, y € G4. 


iii. A CFH-set (w1,G1) is said to be a completely homogeneous CFH-set with (wW2, G2) if 
and only if y1(z) is a homogeneous with w(x) for all « € G; [| Go. 


3.1. Set Theoretic Operations and Laws on CFH-Sets 


Here some basic set theoretic operations (i.e.complement, union and intersection) and laws 


(commutative laws, associative laws etc.) are discussed on CFH-sets. 
Definition 3.9. The complement of CFH-set (w,G), denoted by (w,G)° is defined as 
(b, G)° = {(z, P(z)) : 2 € G,Y"(x) € C(U)} 
such that the amplitude and phase terms of the membership function ~°(x) are given by 
re(x) =1—rg(«) and we(x) = 27 — wg(«) respectively. 
Proposition 3.10. Let (W,G) be a CFH-set over U. Then ((w,G)°)° = (vw, G). 


Proof. Since w(x) € C(U), therefore (~,G) can be written in terms of its amplitude and phase 


terms as 
(v,G) = {(ara(w)e¥e®) : 2 a} (1) 
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va) = {(zre@e*) :2ec} 
¥(a) = { (2, A -re(@))e"“e@)) :z eG} 
((,@)*)° = { (2, (1 -re(a))*tr “e@) ze ah 
(WA) = { (2 0 - rela) ofr Or e@) sz ec} 


(6) = {(w ra@e*e®)) :2 eG} (2) 
from equations and (2), we have ((w, G)°)° = (uv, G). 


Proposition 3.11. Let (w,G) be a CFH-set over U. Then 

1. ((), G)e)° = (v, G)a 

il. ((a, G)a)° = (a, G)e 
Definition 3.12. The intersection of two CFH-sets (w1,G1) and (W2,G2) over the same 
universe U, denoted by (v1, Gi) [[(w2, G2), is the CFH-set (w3,G3), where G3 = Gi [[Go, 
and w3(x) = w(x) [[ ve(z) for all x € Gs. 


Definition 3.13. The difference between two CFH-sets (~1,G 1) and (wW2, G2) is defined as 
(v1, G1) \ (We, Ga) = (1, G1) |] 2, G2)° 


Definition 3.14. The union of two CFH-sets (~1,G 1) and (W2,G2) over the same universe 
U, denoted by (#1, G1) [](W2, G2), is the CFH-set (3, G3), where G3 = G; [| Go, and for all 
LE G3, 


v1 (2) if x € Gi\Ge 
W3(x) = 4 o(x) if x € Go\Gi 
Vi(x) T[ye(z) ,ifxe Gil] Ge 


Proposition 3.15. Let (wW,G) be a CFH-set over U.Then the following results hold true: 


i. (¥,G) L(Y, Gla = (, G) 

ii. (, G) L(Y, G)a = (¥, G)a 
iii. (),G) [Tv Goo = (W, G)a 
iv. (bY, G) [Iv G)a = (¥,G) 

v. YY G)e HW, Gla = (¥,G)a 
vi. (¥, Glo ITY, G)a = (¥, Glo 


Proposition 3.16. Let (W1,Gi), (W2,G2) and (wW3,G3) are three CFH-sets over the same 


universe U. Then the following commutative and associative laws hold true: 
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i. (#1, G1) [] (2, G2) = (Wa, G2) T(r, G1) 

ti. (1, G1) (2, G2) = (Wa, Go) (1, G1) 
iii. (1, G1) T] (2, Ga) (vs, Gs)) = ((d1, G1) [](2, G2)) Ts, Gs) 
iv. (v1, G1) L] (2, G2) Ls, Gs)) = ((Y1, G1) (2, G2)) Lvs, Gs) 


Proposition 3.17. Let (W1,G1) and (w2,G2) are two CFH-sets over the same universe U. 
Then the following De Morganss laws hold true: 

i. ((¥1, G1) T] (2, Ge))° = (Yr, G1)° LI] (W2, G2)° 

ii. ((¥1, G1) (#2, Ga))° = (1, G1)° TI (Y2, Ga)° 


4. Complex Intuitionistic Fuzzy Hypersoft Set(CIFH-Set) 


In this section, fundamental theory of CIFH-set is developed. 


attributes b1, bo, b3, ....., bn respectively forn > 1, B = B,x Box B3x.....x By and €(v) be a CIF- 
set over U for all v = (81, 52, $3, ....-,8n) € B such that s; € By, so € Bo, 83 € B3,.....,8n € Bn. 
Then, complex intuitionistic fuzzy hypersoft set (CIFH-set) gp = (€, B) over U is defined as 


Tp ={(v,€(v)) :v € B,&(v) € Cme(U)} 


where 

€: B- Crm(U), Ev) =Oifv€ B. 
is a CIF approximate function of 'g and €(v) = (€7 (v), €* (v)). 
éT(v) = ape’? and €¥ (v) = ape’? are complex-valued grade of membership and nonmem- 
bership of Ig respectively and their sum all are lying within the unit circle in the complex 
plane such that a7, apr € [0,1] with 0 < ap +apr <1 and 67, Br € (0,27]. The value €(v) is 
called v-member of CIFH-set Vv € B. 


Example 4.2. Considering example with B =  {e,€2,63,....,eg}, CIF-sets 
E3(e1), €B(e2), ge a (es) are defined as, 


é le _ (06,02) e002)" (0.8,0,1)ente09)* (0.6,0,4) E0402)" (0.3,0,1e0 8397" 
B\e1) = tH ’ to ’ t3 ’ t4 ) 

é - 7 (0.5, OP) ee (0.8, OD evenee)s (0.6, Oe (0.65, Opn Celta 
B\©2 ti ) to ’ £3 ’ t4 ’ 

é (e _ (0.4, (Bjenlaets (7, 0.02) e#0-8,0.03)] (0.5, 0.1) e%0-9:0.01)7 (0.55, (1,25)e80-85,0.05)7 
B\G&3 ty ’ ty ’ t3 , t4 ’ 


’ ’ ’ 


é (e _ (3,0 Test le (0.6, 0.01) e%(0-8,0.09) (0.5,.0.05)e02:0-8L)= (0.45, 0.25) e#0-55,0.15)7 
BNE ty tg t3 ta , 
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(0.3, GQyenO4os)s (0.7, ON (0.7, Cone nls (0.55, Ose laa 
ty ; to t3 , a : 


é ( = (0.4, 0.01) e#9-5.0-1)7 (0.4, 0.1) €#(0-8:0.1) (0.6, 0.070) (9-70.01) " (0.65, 0.05) €#(0-85,0.15)x 
B\e6) = tt ’ ty ’ ts ’ t4 ’ 


b) ’ ? 


es | Saceae (0.4, 0.09) e%(0-5:0-06)" (0,4, 0.05) €#(0-5:0.06) Cnone | 
B\C7T) = ) 


ty tg t3 t4 
and 
é | (0:7, 0.08) e2(0.1,0.09) 7 (0.5, 0.08) €#(0.7,0.02) (0.5, 0.06) e%(0-8,0.08) (0.4, 0:05) eh0-75,0-ts)= 
e = ; ry ? 
Be ty to t3 ta 


then CIFH-set Ig is written by, 


0.6.0.2 e2(0.5,0.3) 7 0.8,0.1 1(0.5,0.3) 7 0.6.0.4 e2(0.7,0.2) 7 0.3.0.1 e?(0.65,0.35) 7 
oy (0:6:0:2) 0.8.0.) (0.6,0.4) (0.3.0.1) 
1; t ta ’ t3 ? ta ? 


(0.5,0.2)e%(080-9)7 (0. 8,0. Ol)e 2(0.8,0.02) |x (0.6,0.2)]e8 080007 (0. 65,0. 25)e 4(0. —) 
t to ’ tg ta ? 


(0.4,0.3)e%(0-5,0.1) (0.7,0.02) e#(9-8,0.03) | (0.5,0.1) e#(9-9,0-01) (0.55,0.25) e#(0-85,0.05) 7 
€3, t ’ te ’ 43 ’ tA ’ 


v] 


(0.3,0.1)¢%(9-6,0.1) = (0.6,0.01) e#(9-8,0-09) (0.5,0.05) e#(0-2,0-01) (0.45,0.25) e#(9-55,0.15) a 
€4, t ’ to ’ t3 ’ ta 


Tp= 


t ? ta ? t3 ta 


? 


(0.4,0.01) e#(0-5,0-1)7 (0.4,0.1)e%(9-8:0.1) (0.6,0.070) ¢#(9-7,0.01) = (0.65,0.05) e#(9-85,0.15) 7 
€6; tH oy to ’ t3 ) ta 


ou 5,0. 09)e? 4(0.8,0.09) 7 aa 4,0. 09)e? 2(0.5,0.06) 7 (0.4,0.05) e#(9-5,0.06) (0.75,0.15)e#(0-65,0.25) a 
ti to ? t3 ’ ta ’ 


(cs (0.3,0.2)¢%(0-4,0.3) (0.7,0.1) e#(0-7,0.08) 7 (0.7,0.01) €#(9:6,0.1)" _ 0. 55,0. 05)e 2(0. —— 
b) ? 


, o 7,0. 08) e? 4(0.1,0.09) 7 Bu 5,0. 08)? 4(0.7,0.02) 7 (0.5,0.06)e00 80-00)" (0. 4,0. 05)e 2(0.75,0.15) 7 
ty to u tz ta 


Definition 4.3. Let [g, = (1, B1) and I'g, = (£2, Bz) be two CIFH-sets over the same U. 


The set Cg, = (£1, Bi) is said to be the subset of 'p, = (£2, Bo), if 
i. By C Bo 
ii. V p € By, £1(p) C €2(p) implies €7 , (p) C €7 9(p), €"1(p) C E*a(p) ie. 
arp, (Pp) < orp, (P), orp, (Pp) < orp, (P), Fre, (Pp) < Pre, (p) and Brp,(p) < Brp,(P), 
where 
arp, (p) and Srpg,(p) are amplitude and phase terms of éP (p), 
OF By (p P) 
(p) and Br z,(p) are amplitude and phase terms of 2 (p), and 
( 


) p 

) and 6p, (p) are amplitude and phase terms of €f'(p), 
OT B, (P) 
) 


QF, (p) and Br p,(p) are amplitude and phase terms of € (p). 
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Definition 4.4. Two CIFH-set Tg, = (€1,.B1) and Ig, = (£2, Bz) over the same U, are said 

to be equal if 
1. (£1, Bi) 
ii. (€2, Bo) 


© (€2, Bo) 
Cai Bi). 
Definition 4.5. Let (€,B) be a CIFH-set over U.Then 


i. (€,B) is called a null CIFH-set, denoted by (€,B)o if arg(p) = arg(p) = 0 and 


Prp(P) = Brp(p) = Or for all pe B. 
ii. (€, B) is called a absolute CIFH-set, denoted by (€, B)a if arp(p) = arz(p) = 1 and 


Brp(p) = Cra(p) = 2r for all p € B. 7 7 


Definition 4.6. Let (€:, B,) and (2, Bz) are two CIFH-sets over the same universe U.Then 


i. A CIFH-set (€, B1) is called a homogeneous CIFH-set, denoted by (£1, B1) Hom if and 
only if €1(p) is a homogeneous CIF-set for all p € Bi. 


ii. A CIFH-set (€1,B,) is called a completely homogeneous CIFH-set, denoted by 
(£1, B1)cHom if and only if :(p) is a homogeneous with €)(q) for all p,q € Bi. 


iii. A CIFH-set (£1, B1) is said to be a completely homogeneous CIFH-set with (£2, Bz) if 
and only if €;(p) is a homogeneous with £2(p) for all p € By; [| Bo. 


4.1. Set Theoretic Operations and Laws on CIFH-set 


Here some basic set theoretic operations (i.e.complement, union and intersection) and laws 


(commutative laws, associative laws etc.) are discussed on CFH-set. 


Definition 4.7. The complement of CIFH-set (€,B), denoted by (£, B)° is defined as 


(¢, B)° = {(p, (€(p))°) : p € B, (E(p))° € Cine(U)} 


such that the amplitude and phase terms of the membership function (€(p))° are given by 
(ara(p))° = 1— are(p) 


(arp(p))° = 1—- orgy) 


and 
(Br p(p))° = 2a — Brp(p), 
(Gr p(p))° = 20 — Brp(p) respectively. 


Proposition 4.8. Let (€,B) be a CIFH-set over U. Then ((€, B)°)° = (&, B). 
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Proof. Since €(p) € Cinz(U), therefore (€,B) can be written in terms of its amplitude and 


phase terms as 


(¢,B) = {(p, (ora(pe*"?®), ap n(p))e**#®)) :pe B} @) 
Now 


(6, BY) = {(p. ((arao))*e*r2™”, (ara(p)*el2®”)) :pe BY 


(€,B)°(p) = { (p, (( - era(p))e*P" Fr ®), (1 — arp(p))el*-2r2®))) : pe BI 


(6,8) = {(p, ((1- ara (p))%e"*9r2®” 1 — ap p(p))%el*Pr®")) : pe BY 


(6,8)9 = {(p, (0-1 — ara (p)))e@-@r- Prat), (1 — (1 — ap n(p)) er Or-PPHOM)) : pe B 


(€. By) = {(p, (aro @e?"*®,arn(p))e*e)) :pe B} @) 


from equations and (4), we have ((€, B)°)° = (€, B). 


Proposition 4.9. Let (€,B) be a CIFH-set over U. Then 


i (Ba) =A 
ii. ((€, B)a)° = (€, B)o 


Definition 4.10. The intersection of two CIFH-set (€,B1) and (£2, Bz) over the same uni- 
verse U, denoted by (£1, B1) [](&2, Ba), is the CIFH-set (£3, B3), where B3 = B, || Bo, and for 
all p € Bs, 


OT B, (petra, ®) ,ifp € By\\Bo 
€"3(p) = 4 arp, (per B22) ,if pp € Bo\By 
min(arp, (p), OTB, (p))e! min(Br p, (P),Br By (P)) ,ifpe By I] Be 
and 
arp, (p)era® ,if p € Bi\Bo 
E*3(p) = 1 arp, (p)e?r 2 if p € Bo\By 


min(app,(p), orp, (p))e Orn ®)Pra,®) i fp © By T] Bo 


Definition 4.11. The difference between two CFH-set (€, B,) and (2, Bz) is defined as 
(1, Bi) \ (2, Bo) = (&, Br) [] (€2, Be)® 


Definition 4.12. The union of two CFH-set (€,B,) and (£2, B2) over the same universe 
U, denoted by (1, Bi) [[(€2, Bz), is the CFH-set (£3, B3), where B3 = B, || Bo, and for all 
PE Bz, 


ar p, (per ®) ,ifp € Bi\\Bo 


E'3(p) =< arp, (per ,if p € Bo\By 


maa(ar p, (p), OTB, (p))e" max(Br p, (P),Pr By (P)) if p & By I By 
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and 
orp, (pera ® ,ifp © Bi\Bo 


E"3(p) = 4 orp, (petra) ,if p © Bo\By 
max(orp, (p), OF B, (p) et ar Fra, © P); BF By (P)) ,if p E By II Bo 


Proposition 4.13. Let (€,B) be a CIFH-set over U.Then the following results hold true: 


ii. (€, B) T(E, Bla = (€, B)a 
iii. (€, B)T](, B)o = (€, Bo 
iv. (€,B) ITE, Bla = (6, B) 

v. (€, Bo HE, Boa = (6, Boa 
vi. (€, Bo lT(E, B)a = (€, Bye 


Proposition 4.14. Let (£,Bi), (€2,B2) and (&3,B3) are three CIFH-sets over the same 


universe U. Then the following commutative and associative laws hold true: 


i. (€1, B1) [[(é2, Bz) = (€2, Ba) [](&, Br) 
[(é2, Ba) = (2, Ba) [(é1, Bi) 
2, Bz) T] (£3, Bs)) = ((&1, B1) TI (£2, B2)) TI] (é3, Bs) 
£2, Bz) [](€3, Bs)) = ((&1, Br) LI (£2, B2)) [I (3, Bs) 


Proposition 4.15. Let (€:,B,) and (£2, Bz) are two CIFH-sets over the same universe U. 


( 
( 
(( 
(( 


Then the following De Morganss laws hold true: 


1, ((&1, B1) T1(é2, Bz))* = (€1, Bi)° [](€2, Ba)° 
ii. ((€1, Bi) [[(€2, Ba))° = (&1, Bi) [I (£2, Ba)® 


5. Complex Neutrosophic Hypersoft Set(CNH-Set) 
In this section, CNH-set and its some fundamentals are developed. 


Definition 5.1. Let Ny, No, N3,....., Nn are disjoint sets having attribute values of n distinct 
attributes n1, 12,73, .....,%n respectively for n > 1,N = Ny x No x Ng & ..... x N, and ¢(A) 
be a CN-set over U for all A = (aj, a2, q3,.....,€n) € N such that ay € Ny,a2 € No,a3 € 
N3, «++, dn € Ny. Then, complex neutrosophic hypersoft set (CNH-set) Oy = (¢, N) over U is 
defined as 
On = {(A,C(A)) : AE N,C(A) € Crveu(U)} 

where 

¢:N — Cneu(U), CA) =Oif AEN. 
is a CN approximate function of Oy and ¢(A) = (¢7 (A), C(A), CF (A)). 
CT(A) = bre’, C(A) = bye*™ and C¥(A) = dpe’” are complex-valued truth member- 


ship function, complex-valued indeterminacy membership function, and complex-valued falsity 
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membership function of Oy respectively and their sum all are lying within the unit circle in the 
complex plane such that 67, 67,6 € [0,1] with ~0 < 67+6,+6p < 3t (or 0 < |6p+67+6p| < 3) 
and nr, 71, "F € (0,27]. The value ¢(A) is called A-member of CNH-set VA € N. 


Example 5.2. Considering example wit N =  {e1,€2,e3,....,eg}, CNF-sets 
Cn(e1), Gv (€2), ----; Cw (eg) are defined as, 

¢ (e )= (0.6,0.1,0.2) e#(9-5,0.2,0.3) 7 (0.8,0.3,0.1) e#(9-5:0-4,0.3) (0.6,0.5,0.4) e#(0.7,0-6,0.2)m (0.3,0.7,0.1) e#(0-65,0.55,0.35) 
N\1 rat ’ io , 73 ’ ta , 


(0.5,0.2,0.1) e#(9-6,0.3,0.2)7 (0.8,0.01,0.2) e#(9-8,0.02,0.3) (0.6,0.2,0.2) e#(9-8,0.03,0.4) 7 (0.65,0.25,0.5) e#(0-85,0.05,0.5) 7 \ 
ty ? to ? t3 ’ ta ; 


(0.4,0.3,0.3) e#(9-5,0-1,0.8)" (0.7,0.02,0.3) ¢#(0-8,0-03,0.7)]~ (0.5,0.1,0.9)e#(9-9,0-01,0.7) a (0.55,0.25,0.1) e#(0-85,0.05,0.4) \ 
ty ? tg ? t3 ’ ta 


ty ? to ? t3 ? ta 


(0.3,0.2,0.1) e#(9-4,0.3,0.4) 7 (0.7,0.1,0.5) e#(9-7:0-08,0.4) 7 (0.7,0.01,0.4) e#(9-8,0-1,0.5) (0.55,0.05,0.4) e#(9-45,0.05,0.3)m \ 
ty : to ’ tg : ta : 


(0.4,0.01,0.3) €4(0-5,0-1,0.4) (0.4,0.1,0.3)e#(9-8,0-1,0.3) (0.6,0.070,0.5) e#(9-7:0-01,0.1) 7 (0.65,0.05,0.3) e#(0-85,0.15,0.4) \ 
ty ? to ? t3 ’ ta , 


0.3.0.1.0.9 e2(0.6,0.1,0.5) a 0.6,0.01,0.4 e2(0.8,0.09,0.5) 7 0.5,0.05,.0.3 e2(0.2,0.01,0.4) 7 0.45.0.25.0.01 e2(0.55,0.15,0.3) 7 
— J (0.3,0.1,0.9) (0.6,0.01,0.4) (0.5,0.05,0.3) (0.45,0.25,0.01) 


(0.5,0.09,0.3) e2(0-8,0.09,0.5) a (0.4,0.09,0.4) e2(0-5,0.06,0.4) (0.4,0.05,0.1) e#(0-5,0.06,0.5)m (0.75,0.15,0.4) e%(0-85,0.25,0.2)m \ 
ty ? to ? t3 ? ta ’ 


¢ (e ) a (0.7,0.08,0.3) e#(9-1:0-09,0.01) (0.5,0.08,0.3) e#(0-7:0-02,0.6) (0.5,0.06,0.5) e2(0-8,0.03,0.3)m (0.4,0.05,0.35) e#(9-75,0.15,0.6) 
NES ty ’ tg ? t3 ? ta 


then CNH-set Oy, is written by, 


0.6,0.1,0.2) e7(9-5,0.2,0.3)7 (9.8 9.3.0.1) e2(9-5,0-4,0.3)" (9. 6.0.5.0.4)e2(0-7,0-6,0.2)7 (9 .3.0.7.0.1) e2(0-65,0.55,0.35) x 
e1 (0.6,0.1,0.2) (0.8,0.3,0.1) (0.6,0.5,0.4) (0.3,0.7,0.1) 
? d 


ti ? ta ? t3 ? t4 


0.5,.0.2.0.1 e2(0.6,0.3,0.2) 7 0.8.0.01,0.2 e2(0.8,0.02,0.3) 7 0.6,0.2.0.2 e2(0.8,0.03,0.4) 0.65.0.25.0.5 e2(0.85,0.05,0.5) a 
€9 (0.5,0.2,0.1) (0.8,0.01,0.2) (0.6,0.2,0.2)] (0.65,0.25,0.5) 
? , 


ty ? tg ’ t3 ’ ta 


(0.4,0.3,0.3)e#(9-5,0-1,0.8)" (0.7,0.02,0.3) e?(9-8,0-03,0.7)] a (0.5,0.1,0.9)e#(9-9,0-01,0.7) a (0.55,0.25,0.1) €#(0-85,0.05,0.4) 7 
€3, ra ’ ta ’ 43 ’ ta ’ 


(0.3,0.1,0.9) e#(9-6,0.1,0.5) (0.6,0.01,0.4) e#(0-8,0-09,0.5) (0.5,0.05,0.3) e#(0-2,0-01,0.4) (0.45,0.25,0.01) e#(0-55,0-15,0.3) a 
€4, ty ’ ta ’ t3 p) ta ? 


ty ? to ? t3 ’ ta 


(0.4,0.01,0.3) e#(0-5,0-1,0.4) (0.4,0.1,0.3)¢e#(0-8,0.1,0.3) 7 (0.6,0.070,0.5)e%(9-7,0.01,0.1) 7 (0.65,0.05,0.3) e#(9-85,0.15,0.4) 
€6, ty ) to ) t3 ’ ta ’ 


0.3.0.2.0.1 e2(0.4,0.3,0.4) 7 0.7,0.1,.0.5) e#(0-7,0.08,0.4) x 0.7,0.01,0.4 e2(0.6,0.1,0.5) 0.55.0.05.0.4 e2(0.45,0.05,0.3) 7 
es (0.3,0.2,0.1) (0.7,0.1,0.5) (0.7,0.01,0.4) (0.55,0.05,0.4) 
2 ? 


(0.5,0.09,0.3) e#(9-8,0-09,0.5) (0.4,0.09,0.4) e#(9-5,0-06,0.4) (0.4,0.05,0.1) €#(9-5,0-06,0.5) —————errr' 
ty : te a t3 ; ta ? 


(c (0.7,0.08,0.3) e#(0-1,0-09,0.01) a (0.5,0.08,0.3) e#(0.7,0-02,0.6) (0.5,0.06,0.5) e#(0-8,0-03,0.3) (0.4,0.05,0.35) e#(0-75,0.15,0.6)m 
8> ral ’ ta ’ t3 ) ta 


Definition 5.3. Let Oy, = (G1, Ni) and On, = (2, N2) be two CNH-sets over the same U. 
The set Oy, = (G1, Ni) is said to be the subset of Ox, = (C2, No), if 
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i. Ny C No 
ii, Vw e M,Ci(u) C Co(u) implies Cf(u) C CF (u), C(w) C C3 (u), Cf (u) © CF(u) Le. 
érn,(u) < ory, (u), 
drn,(u) < dry, (uU), 
Orn, (u) < dry, (u), 
nr n,(u) < nn, (u), 
NIN, (U) < MrN2(u) and 


NEN, (U) < nFN,(U), 


where 


Ory, (u) and ny, (u) are amplitude and phase terms of ¢f (wu), 
drn,(u) and ny, (u) are amplitude and phase terms of ¢/(u), 

Ory, (u) and np, (u) are amplitude and phase terms of ¢f’(u), 
dry, (u) and nr y,(u) are amplitude and phase terms of CJ (u), 


u) and nry,(u) are amplitude and phase terms of ¢/(u), and 


a 
a 
Ss 

a, 


Ory,(u) and npy,(u) are amplitude and phase terms of ¢/"(u). 


Definition 5.4. Two CNH-set Oy, = (G1,.N1) and On, = (C2, No) over the same U, are said 
to be equal if 


i. (¢1,.N1) © (C2, Na) 
ii. (C2, N2) € (G1, 1). 


Definition 5.5. Let (¢,. NV) be a CNH-set over U.Then 


i. (¢, NV) is called a null CNH-set, denoted by (¢, N)e if dry (u) = 67 (u) = Orn(u) = 0 
and nr v(u) = nrn(u) = nen (u) = On for all uc B. 

ii. (¢,N) is called a absolute CNH-set, denoted by (¢,N)a if dry(u) = drn(u) = 
drn(u) = 1 and nry(u) = mn (u) = nen (u) = 27 for all u € B. 


Definition 5.6. Let (¢:, Ni) and (C2, N2) are two CNH-sets over the same universe U.Then 


i. A CNH-set (C1, Ni) is called a homogeneous C'NH-set, denoted by (G1,.N1)Hom if and 
only if ¢;(w) is a homogeneous CN-set for all u € Nj. 


ii. A CNH-set (¢j,Ni) is called a completely homogeneous CNH-set, denoted by 


(41,.Ni)cHom if and only if ¢;(u) is a homogeneous with ¢)(v) for all u,v € Nj. 


iii. A CNH-set (¢;, Ni) is said to be a completely homogeneous CNH-set with (2, N2) if 
and only if ¢;(u) is a homogeneous with ¢2(u) for all u € Ny [| No. 
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5.1. Set Theoretic Operations and Laws on CNH-set 


Here some basic set theoretic operations (i.e.complement, union and intersection) and laws 


(commutative laws, associative laws etc.) are discussed on CNH-set. 
Definition 5.7. The complement of CNH-set (¢,.N), denoted by (¢, N)° is defined as 


(¢,.N)° = {(u, (C(w))*) swe B, (C(u))° € Creu(U)} 
such that the amplitude and phase terms of the membership function (¢(u))° are given by 
(Sry (u))° = drn(u), 
(drn(u))° = 1 — brn (wu), 
(Orn (u))® = orn(u), 


and 

(nr n(u))* = 20 — nr (u), 
(nr ny (u))° = 27 — nry(u), 
( 


NF N(u))° = 27 — ney (u) respectively. 
Proposition 5.8. Let (¢,N) be a CNH-set over U. Then ((¢, N)°)° = (¢, N). 


Proof. Since ¢(u) € Cneu(U), therefore (¢, N) can be written in terms of its amplitude and 


phase terms as 
(GN) = {(u, (drw(we™x®, dyy(we™™, dey (u)ye™™ )) swe nb (5) 
Now 


(6, N)*(u) = { (u, (rw (u))Per¥)”, (6ry(u)) CUNO, (Sp y(u))*eK*VO)") swe WP 
(¢, N)°(u) = {(u, ((py(u))etrrv™), i= Opn (u))et erm) (Sriy(u) err ww) J) Ue Nn} 


(GN)? = { (wu, (Sen (u))eetr¥rw lO)", (1 — Syyy(w))Pel Ont)", (Sp yy(u))Petn—trw))”)) s we wh 
Spy (u)et2a- nn w(u))) 
((C,N)°)° = 4 | u, (1 — (1 — 6; y(u)) ce 27-22 —-tv)) , :uEeN 
Opn (ujet(2™—(2n—nF n(u))) 
(6, NY) = {(u, (Srv(woet™™, dry(we™*, dry(u)e™*™)) swe N} (6) 
from equations and (6), we have ((¢, N)°)° = (¢, N). 


Proposition 5.9. Let (¢,N) be a CNH-set over U.Then 
i. ((¢,N)e)° = Gs N)a 
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ii. ((C,N)a)° = (6, No 


Definition 5.10. The intersection of two CNH-set (¢1, Ni) and (¢2, N2) over the same universe 


U, denoted by (1, .N1) [[(¢2, No), is the CNH-set (¢3, N3), where N3 = N; [| No, and for all 
u € Ns, 


bry, (wer) ,if ue Ni\No 
CP3(u) = drny (ue x2) if ue No\M 
[or n, (u) ® ory, (u)] .e! [nr ny, (&) @ nr nz (w)] ifue MII Ne 

dry, (we if ue Ni\No 

CF, (u) = OIN> (u) eM Now) sifue No\M 
[Srn,(u) @ Orn (u)] fm Oem] if ue Ni TTNo 

and 

bry, (wes) Jif we Ny\No 
CP3(u) =¢ dpy,(uje ime w, (u) sifu Ee No\M 


[Orn, (u ) & Or N,(U )| e [nF w, &) @ nF, (u)| if w EN; II Ne 
where ® denotes minimum operator. 


Definition 5.11. The difference between two CNH-set (G1, Ni) and (¢2, No) is defined as 
(G1,.N1) \ (Go, No) = (G1,.Ni) [[ (2, N2)° 


Definition 5.12. The union of two CNH-set (¢1,.N1) and (C2, N2) over the same universe 


U, denoted by (¢1,.N1) [](¢2, No), is the CNH-set (¢3, N3), where N3 = N; [| No, and for all 
WE N3, 


Orn, (we inn, (u ,ifue Ni\No 
CT3(u)=_ orn, eee ifue No\M 
[orn,(u) ® dry, (u)] clea Morne] sfue NT] No 


uel, () ,ifue Ni\No 
wer N2(e) Jif ue No\Ni 
(Srn,(u) © drxy(u)] ever] ifue NTI Ne 
and 
dry, (wet) if ue Nq\No 
CP3(u) = ¢ dp, (uel if'ue No\N 
[Srn,(u) ® dpn,(u)]-e i [ne ny, (u) © nF vy (u)] ifue MIN 
where © denotes maximum operator. 


Proposition 5.13. Let (¢,N) be a CNH-set over U.Then the following results hold true: 
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iii. (¢, NV) T1(¢, N)o = (6, N)o 
iv. (C, N)TIC, N)a = (CN) 
v. (Noll, Na =(C,N)a 
vi. (C, N)oTI(C, Na = (¢, No 


Proposition 5.14. Let (¢1,.N1), (G2, No) and (C3, N3) are three CNH-sets over the same uni- 


verse U. Then the following commutative and associative laws hold true: 


C2, No) = (G2, Na) (G1, M1) 
(G2, No) = (G2, Ne) LI (G1, M1) 
((Ca, No) TI(¢s, N3)) = ((¢1, Ni) [1 (C2, Ne2)) [1 (3, Ns) 
((¢a, No) LI(¢s, N3)) = ((¢1, Ni) I (G2, Ne)) [1 (43, Ns) 


— 


Proposition 5.15. Let (¢1,.N1) and (€2,N2) are two CNH-sets over the same universe U. 
Then the following De Morganss laws hold true: 

i. (C1, N1) TI (C2, Na))° = (C1, N1)° LI (C2, Na)® 

ii. (C1, Ni) [](G2, N2))° = (G1, N1)° TI (2, Na)° 


Discussion on particular cases of CFH-sets, CIFH-sets and CNH-sets 


e If C(A) = (C7), J (A), C7 (A)) 70 < 67 + 67 + Or < 37% (or 0 < [5p + 57 + Sp| < 3) 
is replaced by ¢(A) = (¢7(A),¢¥(A)) ,0 < 67 + br < 1(or 0 < |6r + dr| < 1) with 


omission of indeterminacy, then complex neutrosophic hypersoft set reduces to com- 


plex intuitionistic fuzzy hypersoft set. 


e If¢(A) = (¢7 (A), C7 (A), C* (A)) is replaced by ¢(A) = (¢7(A)) with omission of indeter- 
minacy and falsity, then complex neutrosophic hypersoft set reduces to complex fuzzy 


hypersoft set. 


This concludes that complex fuzzy hypersoft set and complex intuitionistic fuzzy hypersoft set 
are the particular cases of complex neutrosophic hypersoft set. Since Complex fuzzy hypersoft 
sets and complex intuitionistic fuzzy hypersoft sets cannot handle imprecise, indeterminate, 
inconsistent, and incomplete information of periodic nature so to overcome this hurdle, complex 


neutrosophic hypersoft set is conceptualized. 


Conclusion 


In this work, new hybrids of hypersoft set i.e. complex fuzzy hypersoft set, complex intu- 
itionistic fuzzy hypersoft set and complex neutrosophic hypersoft set, are conceptualized with 


their some fundamentals and theoretic operations. Future study may include other hybrids 
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of hypersoft set with interval-valued complex fuzzy set etc., similarity and distance measures, 


aggregations operators and applications in multi-criteria decision making problems. 
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